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(54) SERIES REGULATOR CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the 
frequency characteristics of the series regulator 
circuit. 

SOLUTION: The characteristics of an 
intermediate-stage amplifier 5a, with which the 
series regulator circuit 5 is equipped, are so made 
that the gain is made large when the current 
flowing to a load 3 is large and made small when it 
is small and then the adjusted gain of the whole 
series regulator circuit 5 is made nearly constant 
irrelevantly to the current of the load 3 to improve 
the frequency characteristics, thereby 
suppressing a decrease in the ripple removal rate 
of a high-frequency component. 
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[fi*Jl3] ■*«1X«IB*H2(CE«©->«J-XU' 
■ ME4^»«B8©y-< ffirEta^El»<DDCy^ 

WSWI41 »**3lcEKO->U-XI/*al/-^B 
ttE*HfM«lttlC(l. «rEffl^«a«ffl¥RtUTO 

■a&urnEiiitiMMttouAdiffiAvxttusott 

< <t C <h ^^it^ > u-x^ii/- 

*HB. 

tt»#3S5] AftRXnoEflMimcMl Pft*;P 
MOSFET©V-7iMJ8IU mi P5^*;i/M 
OSFE T(OV-^iy- h«?-d:<oraiC* 1 SSt 
*JK«U ^1 Pft*^MOSFETOKl/^>«f 

ft£0]£?H&«Is)B$&SEU m2£tt£f&3&j7t<i:<D 

«Mo«E&sqniE (vref ) toy^zmm-rz 
*»*t««oa*€+iBiaiii««icA*iu. 

#§<Oa52j£Sg1 Pft^MOSFET(Dy»h^lC 
SSL, 

mi Pff*MOS FETCDKU-YViS^Artilsft 

nE>fna4Mi8ica % 

ffitE A* H3fcm2i(7> ]£««?- lev- A HTMHI S tu 
htt?0*ff i p^**;um osfe Tcoy- 



212 P^tWMOS F ETfiDHlz-f >«?tmEA* 

WEA^iSa«iHOiE««^lcy-^i»?-^J6«$ti, 
hssmciiA-r rxms: (VB ) 0*fR*£tl*ft3 

PftWMOS FETi, 

£3 Pft*MOS F E T4> Kls'T KU>f > 

ggc^n^mi Nff^MOS F E T <h* 

^3 Pft^MOS F E T<£> K l"i >%B^-IZ K l"f > 

^B9ES»ll»«»(Oa3*lc«a$ti, V-X«T«»E 

A^na*5BoftfflflK?-ic««$ti, cov-^a^ffli 
com 2 h*^me«9Ktttt«tt««Ar «ntE k 

UT^AStl^Ml NftWMOS FET 2H?«JBIal 

b* (k- 1 ) mt. 

mzZAt>m$Lnm<D mwm* \z v - xm^&mm £ tu 

P^t^MOSFETOy-H^ 
ICMIStU KI/-f>«W«3Pft*^MOSFE 
T(0KL^>*S?-(C««$tl**4 PftWMOSF 
ETt. 

«rEA^B3t«iB©jE««?-IC3 ls£*3tfiV--Att?- 

OTwrstw ^-x^xiiy- h«^3 pf 

HtFE H ^ > 5> A * O X 5 y * Xli K U-f IC K is -f 

>«?Mia$n, h«ffW»E*ifc*«»ott* 
icsa^tu y-^flBWMEA^itatwaoiMB** 

h9E h7>-^^OXS y *Xli K U-f V^rT-lc K U-f 

>«?^s«$n, coKu-rv^iKKDmi ha© 
^mrEMSftiSBScoai^rcjga^n, 

EAftB%rac>fl«tt?fcttB3tU C©V-^? 

kaostao-tn-enosajsnisasn. mfoz&m 

(CLTtJ«$n*a2 Nft^MOS F ET 2B3HE 

sb* (k-i) att«*fcctti»a4«->'j- 

XU^zlU-^SSS. 
[BBOIHnaiM] 
[0 0 01] 

»&<2flcffll*S*U A^U-ft£«AA1tXm<!:L 
TWa©S*fl:L«:B3S«ff*JlW(c«*-r*">.y--X 

[0 0 0 2] 
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u-xu^nu-*®^^ AfimtttrnM i (oiEmm 

^fCP^^JUDMOS F ET 2 1 C0V-*fl^£j&^ 
U MOS F ET2 1 (DV-T.^^y-h^tCDPel 
lCgia2 2£}££EU MOS F ET 2 1 ©Ht/^^ 

2 4 tomtmmiai&ztgmis. sta2 3<tsui2 4t 
<D&m&<omE.t. &m±nm 2 5 ommmE. 

(vref ) <hco<i^^ii^t-^^ij!iii«|iIil2 soft* 

&s H^OdO < N f f ^ jKO MOSFET27at3> 
X>1t2 7 b^^t>^^4»^ISli^2 7!CA^U, 4> 
^I5if«lil§2 7<Dtfi*|£MOS FET2 1 <D<f- 

[0 0 0 3] H 5 IC^ L/!: y U - X U^a 1/-^ aft 2 
lCfef**£ttttirCI*, MOSFET21liM3tg 
ia2 3, 2 4(catn*«a«r««U, @*n2 3£gjft2 

4 o««iS©«ffi^«*«EE (vref ) ic»faWb<ft 
nmK (vo ) Tie^ o ) Tasns. 

[0 0 0 4] 
MM 1 

VO =VREF * (R23+ R24) /R24 —(1) 
:-*C, R23 : Sfex2 3 0tm R 24 : *S*a 2 4 

RifHM'2 7£S*a2 2 tlC^UMOS FET2 1 <D</ 

(vo ) mzi2-feimztx&j:z>izfcmisTi\z>. 

[0 0 0 5] 

U-XHro.U-~^lHlS&2{CfelNTfi, ±i/£CDMOSF 

et2 i coy- h^a^ns-r^Kio&ii^cDwaiigti 

lCfiH-r**fi31*€:«IiB-r*fc«)(C, MOSFET2 

□ >f>t2 7b^i$n, ^oei, us c-r) , 
(a) [z^?rt-\zmm<Dm<z.<nisV-X\s¥D.\s- 

TG>1Stt#B<fcy. milSfiJ^mm (Vo ) OXJiiftA 
»OU^M»*sp^(STr*tlO«ljS^*-p/t (H4 

[0006] m^sic^n^m^co^/Mc^u. 
m?^ 3 cat^aajte tifcssfta 4 cos 7 re* 
rH#MaukWtt. «(c«a»ic»-r-5#fiisi«!istafc 

UT, ±i$OM O S F E T 2 1 CD^- h®E£fB& 
n U-*EB 2 OBU6»ft^S?£Ic^*»n^» U . 

[0 0 0 7] ±«EHejft*»j*r*^U- 



[0 0 0 8] 

BfCfcl\T. hOSB4> M«iM«B««. ^y'J-X^i 
g&co d cy-f >oasfl:lcj6DTB+|IB«**H»©y-f > 
[0 0 0 9] M2 09BMM:ttE«1 «>9mcc6t\T. ml 

[0 0 1 0] «4 0*MIimKB3 05BWlzfet>T. iffl 

tt t \z j: y mjiey^ > & mitts it* nrKBaesas 
[ooi i ] $6fcsR5co5BwiiA*aat*aB©iEfflia» 

U mi Pft*^MOS FETOV-^Uffty-h 

ai^iKDraicsi sct*»au mi pft^Mos 
fetohk >sg^£ A^isanaoftfflstts^tflopig 

fll2fi«t<!:B3«n&oKntttltglB«i«KU £ 
2«ttd:B3tttt^:OSttjA<D«fiEd:S««fiE 

(vref ) ^oii^^iiBr^^iJiiiiiiiiffcoai^^^rpi 
fftUHHfticAft u *wam«8oa**ai p^** 
^uMosFETcoy-h^icjeau an p^^*;u 
MosFETcoKi^>r ^^AAisnaoMa? 

«0Bicwa©S3e<bu*:iiawE^«»'r^$/ij-x 

l^al/-*lslBK:*H\T, ne+HBB4MHIIctt % ffi 

EA*Ba«asoiE«fij5?-jcv-^«^»asn. y 

-Hflffll t*^MO S F ETOy- hS^lC 
ig^£tt££l2 Pft*MOS F ET<fc, ^2Pft 
*;UM O S F E TCO K U-f >**fcMEArti«MW!> 
ftfl*?&0H(cttSK3ft*inK (k) <lcDfi*t£Ig?)] 
»«l/T«C*«9tt*tti«Sii. mlEA^il5SEm3iC0iE{l!l 

(VB ) ^ttfe$n5^3 Pft^MOSFET 
313 Pff^MOS FETCOKU^>^(CKU 
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^IcS^l^n^mi N^tWMOSFET^ ^3P 
ft^MOS F ETOKl/-f>«?l:Kl/"f>8?^ 

»a«**u d<0 K Ix-f >«miti[>'ff 1 h*»jMHE 
fiJt£n£3S1 Nff^l/MOS F ET2it?iJJ15[a]B£ 

( k - i ) lit. «rEA^iia«a<ojE«*?-rcy-x 
•waasti, y-HBW*i pft^MosF 

t^Mos FEToKu-r>ttj^fc»a$n*»4 p 
ft*^Mos f e t ts mzAJiWtfimmcDiEmm* 

y-h^^t)^3 P^fWMOS FET(OKU"f >3ffi 

Wt»EA^iti*«0»«*?-lcaa«tiaSB2 
^^l/MOSFETi, mmh^>iSx*<D3L*y*JL 

a$*u V-^«^MEA*il2tt«5BOftfflI«^lc» 

»ttata*^«r«fflE k«o«ft<o^n*no«ajs 

WOSFET2 ( k - 1 ) Iflt^fiiX^ 

COO l 2] C(D3BWIcJ:*i(i. 89EAW(ca&K*«3ft 
tlTOf 1 Pft*^MOS F ET0>1Kak^>^/J\ 

±&<om&<f<ozmz-fcizUT. j»Effia»E (v 

[0 0 13] £fc. ME*W(cSlti*«3b^/h^l\t# 
Pft^MOS F ETOil3iiy^>^A#<^:^^ 

co*t*icii»a©»<. ME+m«iiw»<D$*-f 

-f >£(5tf-£[CUT* BtJE*^mff (Vo ) (DSSniS 
[0 0 1 4] 

[*WOJt«gOJBJ8] Hill C^TOxU-Xl/f 
B 5 lc*bfcffi*«@BtBI-«MB**-r-B fcOlcliP 



-xi/^iU-^0B5(iA^iaaEaisi (DiEffiramc 

91 Pft*^MOS F E T<h IT0MO S FET2 1 
flOV-^m^SKl/, M0SFET2 1OV-7(ff 

ty-ha^toBicai aafcLTO»«2 2£&a 

U MOSFET2lCDHU^ >flSB^t A^)*a«» 1 
<Oft««?-i:(DPJJ(C, S2SSttUT(OSSL2 3 <tm3 
JSta<hUT<DS!Jt2 4<hcoit?!J^a[H]S&^^aL, fifit 
2 3 <t»St2 4 £:OaajAOUE£:£«EE«9[2 5<0g 
(Vref ) £®ttft*JM«r*£ttJ*N82 6(0 
Slrt£ + raSiB«8 5 afCArtU +nf£ifl«8 5 a<Z> 
B**MO S F E T 2 1 ©y- H^lCSftU, ^mffi 

ma^5 bo/W7^K (vb ) ^^m^m^s aic 

A*rrs«/Klcfc-3Tt**. 
[0 0 1 5] 02I4B 1 iC^bAc^PBlISli^tiS a(OP 

amain ©jE«ag^icv-x«^sasn. y- 

O S F E T 2 1 <0<7*- MSmcSa^tl** 2 P 
ft^MOS FETtUTCOMOSFETS 1 M 
OSFETSIOFK >3B^<h A^H;mmai 1 Oftflll 

OT&oncaaatieiMt (k = 4) mo&Visz, 

5 3, 5 4, 5 5€iS^J»aUTfc*«*»ffl«K^ 
AA1XII1 OiEWfCV-XHWJHISh, y 
-hiMHCliftWEWas b^/H77lE (Vb ) # 
«IS3tl*SS3 P^tWMOS FETtLTOMOS 
FET5 6<t, MOSFET560KK >$m+lZ K U 

-f >«Wiai«ti, h«7-^Sn4l«8 2 6 coft 
2Hci£g!£n. y-XW#A*lSBHl©M» 
rc&a£tl£%1 NftWMOS FETdrLTOMO 
S F E T 5 7 MOSFET560FK yiffi^lC K 

u-r >«^gasn, ceo k U'-r i y- 

h«?-^»*«B«2 GoihJjtzmmzn. v-xw? 
&Ajjm$tmM i oAWtt^-icsaatu cov-ass 
^w©* 2 y- h«wttE«xtttts«t«^iS'r« 4 

<I(D£ia5 2, 5 3, 5 4, 5 5 <D^ft^ft©£ajSlC 

sa^n. WR**airLT±*sn*ttEk-ia-r 

a^SSONft^MOS F ET 2K$M&lB]&5 
8, 5 9, 6 0<k, A^3it3SE««l (OiEiffiWB^fCV-A 

«mwsas*u y- h?#m o s f e t 2 1 <oy- 

h«?-|C««$n, H^>*?MOSFET5 6© 

Ki^>*?fcaa3ti*ff4 pft^os fet 

ch UTCOM O S F E T 6 1 At>m%tn*M 1 OIEfflltt 

*ic3i/^**waa**x» ^hwmosfe 

T5 6<0KU>T>l*^lCSSa$tl*NPN h^>h^> 
y^6 2d:, NPNh7>y^620X*^^^ 
ICHU-f >J>?#»a2tU y-h*WS»i|«8 2 

6©aj*(c«astu y-^w«tA*i»un <om 

«W«^lcSaSftSa2 N^**<H,MO SFETtLt 
<DMO S F E T 6 3 t. NPN h7>y^^6 2(3)1$ 
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&ta£?£j*-r*4<10gtn:5 2, 5 3, 5 4, 5 5 

•SHUie k - 1 ffl-Tfcfr* 3«<DN^*;M'M O S F E T 
2H?lJ7£[H]ffi6 4 t 6 5, 6 6 <k£«*.TH*. 
[0 0 1 6] ia2lC^UX!:*raiftltBS 5 a<D»rfE£ + 

MOS FET5 6CD^-h^(Cl^mi±^5 
bCO/WZX^EE (Vb ) #A*>$n, MOSFET5 
6l;£^^<hLTl!j{tUTO£o MOSFET61<i: 
N P N 6 2 i:^^^^®^(Ci5lt^MO 

S F E T 6 1 h^teM O S F E T 2 1 <D<?- h 

MosFET2.ii:an5«a, -rfc 

fr£AW3G>ft»#*£l\<fc*lC(iMO^ FET6 1 (D 
«X«»<ftU« MOS FET 2 1 lC5fcn<5m 

35, rft*>5AS3©m^/J\£i\££icM:MOS fe 

T 6 1 <D^- htt^t>S</W7;*3*lSrt:«>fC, CO 
[001 7 ] fcfc, WEFTK«3t»**fiE-r * NPNh 

tf as** $ n/t p £ x icjba $ n ^ * 

^MOSFETlCi^Mt'fe.tU. MOS FET 5 1 
£&*a5 2, 5 3, 5 4, 5 5 MO 

5 F E T 2 1 lZ%Ltl&W%L. TUt>^m 3 JC;7ft*l<5^ 

[0 0 1 8] MOS FET5 7, NftWMOSFE 
T 2 H^J^HJSS 5 8 , 5 9, 6 OfccfctfMOS F ET6 
3, Nft^MO S F ET 2itFlJ7EiUB6 4, 6 5. 

6 6j&>t>£:*!alBlCfeUT(i, MOSFET57, 63 
©y-h^fcJc^SNft^MOS F ET2H?lJ 

«£*U RN5=-^*^MOS FET2iS3fiJJBlHl»C0ft* 

©y-h^nfmi S2(c^-r$p<jgm5 2, 5 
3, 54, 5 s-en^txcos^ic^^tiT^y. mi 
E«a*miHiB-c«tt$ti^ftfir3 ican-5«sst*«eis 

^C0££lC(iMOS FET5 7, 6 3 O^WilttSKC 

Ts ^^^/h^lN^^lKCBOISN^-V^I/MOS 
F ET2ig^|JBElB^*a«JBrc^cfc^lCRS$tlT 

[0 0 1 9] fcfc. H2lcSU/^B«lcfcl\-C(i«lE 
k€4iUTl^ C(DvU-XU^^U-^lslB5 

fCcfcygaiBk (kS2> c<o+ 



m»iiiflitt5 am ft«r3(c3SEti*«aEoa^ic«i; 

T. ;11IIt)^>U, 3 SIC Aff3ICSk*l£ttSt(C 
^DTMOSFET 5 7, 6 3 fe«fcrffflI5N^-f *;UM 

0 S F E T 2il?IJ^lH]B^n«€ : tl0^il^8I^ISKWlC 

-toe*. 0 3 (-if) , (p) ic^-rtf- 

K»0(c^-rto< •> y -xi/^a u-* hjb 5 
mtf<<>&mi-&izisT* mzftt>nf± (vo ) 

[0 0 2 0] 

*y>r >£im£-sic.u-c BuiEtti^mBE (vo ) 

0@BTBH4 Of) rc«rft<JHMbP1 kHz« 
li4 0dBT^y, 1 k H zB±*6 2 0 d B/d e c 

(□) (C^tt<ESMto&f 1 0 k H z^Tli5 0 d B"C 
a&U; 1 0 k H ztt±*62 0 d B/d e dO^KTCX 

[0 0 2 1 ] £fc::0£9i0>2'y -XU^zl ^IhIB 

m i ] coRHoxttQettfHe^'rs' y -xi/fi 

[B 2 ] 01 O0^tB@B«iaB 

[0 3] CO»WO->y-X^iU-^HlBa)*-K 

I&0 

[0 4] ccoRMo^y-xu^iU-^EiBatxse* 

0Bco y ^W***o«ttH 
[0 5] a*«*«-r->y-XU*3.U-^HBOIilB 

[0 6] fiesso^y-x^i^-^iHiBOTK-KiSH 

[0 7] ftftfca >^>»©«MM*ttH 
[«WWD 

1-AAIKSraa* 2»->'J-XU*al/-^SB, 3 

-*®B, 5 a---+flMHH«S* 5b-g«EW» 2 

1 -MOS FET. 2 2 — 2 4—ggu 2 5-JHE1 
2£, 2 2 2 7 a- 
MOS FET. 2 7b»-3>f>^ 5 1-MOSFE 
T. 5 2^5 5-Sfc 5 6, 57-MOSFET. 5 
8-6 0- -NftUMO S F ET 2 H^JTBSB, 6 1 
-MOS FET, 6 2-NPNh7>v^ 6 3-M 
OS FET. 6 4 — 6 6 -Nft^MO S F ET 2W 
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